A lot of mechanisms play major role in the myocardial ischemia reperfusion injury (MI/R), especially reactive oxygen species (ROS) which they formed rapidly when molecular oxygen enters into the cell. Melatonin, major hormone of the pineal gland, has very strong antioxidant and free radical scavenger effects. Besides, melatonin plays an important role in the regulation of various body functions including circadien sleep rhythms, blood pressure, oncogenesis, retinal function, and immunity. It can be possible to say that oxidative stress occurs during MI/R and melatonin administration exerts an infarct size limiting effect, antiapoptic, antiarryhtmic effects and enhances antioxidant activity of the heart.
Introduction
Ischemic heart diseases occur when blood supply to the myocardial tissue is insufficient as a result of thrombus, atherosclerotic plaques, vasoconstriction or inflammation. Those were sourced most often from coronary atherosclerosis. In myocardial ischemia, cellular energy stores decrease, metabolic wastes increase and these circumstances lead to the cell death by necrotic and apoptotic pathways. This situation results in severe problems such as fatal arrhythmias and myocardial infarctus (MI) (Fig 1) .
Reflow of blood to the ischemic area must be provided in a short time for either the regeneration of cells or clear the toxic metabolites. However, reperfusion of ischemic myocardium leads to more severe damage paradoxically, compared with ischemic injury [1] .
A lot of mechanisms play major role in the reperfusion injury, especially reactive oxygen species (ROS) which they formed rapidly when molecular oxygen enters into the cell.
Membrane lipids, proteins, nucleic acids and deoxyribonucleic acid molecules are the most sensitive cellular conformations to ROS formation [2] .
Myocardial Ischemia Reperfusion (MI/R) Injury
Metabolic and structural changes eventually occur at ischemic period. With the cessation of blood flow to the tissue, cellular oxydative phosphorylation and high energy phosphate synthesis such as ATP (adenosine 5'-triphosphate) and phosphocreatinine absolutely decrease. After energy stores are discharged, Na+-K+ ATP-ase pump in the cell membrane is inhibited. Eventually, intracellular Na+ and Ca+2 ion concentrations become to increase. It is well established that the increases in Ca+2 ion concentration in the cell exert cytotoxic effects to the viable cell. During this period, with the alteration of ion concentration, the production of proinflammatory cytokines and leukocyte adhesion molecules increase whereas the formation of antioxidant enzymes decreases. This situation triggers the exposed cell vulnerable to damage during reperfusion [3] . 
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The reperfusion of ischemic myocardium leads to formation of ROS. These metabolites (superoxide anion (O2-), hydroxyl radical (OH-) and hydrogen peroxide (H2O2)) are observed as one of the important reasons of reperfusion injury. ROS has an unpaired electron attacks all biomolecules in the cell due to the its high reactivity [4, 5] . This event which is a cascade of ongoing may last until scavenging of radicals and removing of peroxides from environment. The antioxidants such as superoxide dismutase (SOD), catalase, glutathione and it is taken from plasma by the pineal gland. Tryptophan is an essential amino acid and it should be taken together with foods. Tryptophan, at pinealocytes, is hydroxylated to 5hydroxytryptophan by the enzyme tryptophan hydroxylase. 5-hydroxytryptophan is hydroxylated to serotonin. And then serotonin turns into N-acetyl serotonin by the enzyme Nacetyl transferase and that turns into melatonin (N-acetyl-5-methoxytryptamine) by the enzyme hydroxyindole-O-methyl transferase. Melatonin passes quickly to adjacent capillary vessels, not stored in the pineal gland as shown Fig 2 [11, 12] .
Melatonin displays high lipid and water solubility which facilitates passage across cell membranes. As no pineal storage of melatonin is available, the plasma hormone profile faithfully reflects the pineal activity. The secretion occurs at night, with maximum plasma levels around 03:00-04:00 A.M., varying with chronotype, whereas diurnal levels are undetectable, or low in rested subjects. Nearly 70% of melatonin binds to albumin in the plasma. Most of it is metabolised in liver and little in kidney [13] .
Nearly 70% of melatonin binds to albumin in the plasma. Most of it is metabolised in liver and little in kidney (h.h…). In addition to the many beneficial effects, it has potent radical scavenger (effective on OH-, O2-, peroxyl radical, singlet oxygen and peroxynitrite anion) and antioxidant (SOD, glutathione peroxidase, glutathione reductase, glucose-6-phosphate dehydrogenase stimulation and NOS inhibition) properties. Melatonin has more potent free radical scavenging properties against OH-from all known antioxidants. Since the functions of the pineal gland and melatonin levels decrease with aging, these circumstances lead to decrease and increase the diseases, to decrease antioxidant capacity and the diseases associated with an increased oxidative stress (Fig 3) [14, 15] . These radicals lead to cell injury resulted in membrane damage, DNA destruction, protease activation, lipid and protein peroxidation and there by apoptotic and necrotic cell damages are occur ( Fig 4) [16] . It is suggested that the antioxidant impacts of melatonin can be used to protect the hearts to I/R injury [17] .
Melatonin is a potent scavenger of OH-and peroxyl radicals. The neutralizing effect of OHradical is 5-fold greater than glutathione. Direct scavenging effects of melatonin on H2O2 and O2-radicals are weak. Indirectly, it indicates some antioxidant effects by activating the enzyme GSH-Px which metabolizes the hydroxyperoxides, increasing the SOD activity which showed significantly lower levels than Group B. There were no significant differences between Groups C and A for these levels. This study demonstrated that high dose melatonin protected the rat heart against MI/R injury by scavenging the ROS.
To study the effects of melatonin on ischemic preconditioning, Genade et al. [22] administered melatonin at a pharmacological dose (50 piM) to male Wistar rats. Isolated, perfused, working hearts were subjected to 1x5 min (5 min global ischemia and 5 min reperfusion) or 3x5 min (three episodes of 5 min global ischemia, interspersed with 5 min reperfusion) ischemic preconditioning protocols, in the presence or absence of melatonin, Semira et al. [25] demonstrated that melatonin served as a potent inhibitor of MPO under physiological-like conditions. Evidence suggested that MPO-mediated reactive oxidants could promote protein nitration, lipid peroxidation, amin chlorination and the thiol nitrosylation.
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Effect of melatonin on myocardial injury and their decay rates. The presence of chlorine enhanced the affinity of MPO toward melatonin, which switchs the enzyme activity from peroxidation to catalase-like activity. In conclusion, they revealed that the affinity of MPO for melatonin was very high under physiological conditions. MPO may be acting as a chelator for melatonin and limiting its bioavailability and function.
Our Clinic's Experience on Melatonin in The Cardiovascular System
Melatonin plays an important role in the regulation of various body functions including circadien sleep rhythms, blood pressure, oncogenesis, retinal function, seasonal reproduction and immunity ( Table 1) . Because of these important properties, as well as many different clinics, a significant number of studies have been done in our clinic regarding with melatonin. rats. They occluded the coronary artery for 7 min and following reperfused for 7 min. It was determined that the degree of cardiac arrhythmias and mortality were significantly high in the rats with Px when compared with control group. In the following study [27] ; the coronary artery was occluded for 30 min and reperfused for 120 min and revealed that infarct size in the rats with Px was significantly enlarged. All of these findings were suggested that endogen melatonin levels had protective effects to the heart during I/R. These studies indicated that melatonin given externally (4 mg/kg) also significantly reduced damage in Px rats.
Sahna et al. [15] designed a study to investigate the effects of melatonin on MI/R-induced infarct size and oxidative changes. They used male wistar rats in their study and divided them into three groups; Control, I/R+vehicle and I/R+melatonin. Vehicle or melatonin (10 mg/kg) was administered by intravenous injection 10 min before ischemia. The main coronary artery was occluded for 30 min and reperfused for 120 min before experiment was terminated.
Infarct size, expressed as the percentage of the risk zone, was found significantly to be greater in I/R group than in the melatonin-treated group. MDA levels were significantly higher;
however, GSH levels were lower in the I/R group than in the control group. Melatonin significantly reduced the MDA values and increased the GSH levels. The results indicated that melatonin improved the antioxidant capacity of the heart and attenuated the degree of lipid peroxidation after MI/R.
Discussion
It is well known that after MI, free radicals, cytokines and antioxidants play a major role in myocardial damage. Early reperfusion of the ischemic area is important in maintaining of the myocardial tissue. A delay in the reperfusion often results in injury to the myocardial cells, which has been termed reperfusion injury. Oxidative stress contributes to MI/R injury and oxygen-derived free radicals can cause damage. Lipid peroxidation as a free radicalgenerating system has been suggested to be closely related to I/R-induced tissue damage, and MDA is a good indicator of the rate of lipid peroxidation [16] . GSH is an antioxidant, preventing damage to important cellular components caused by ROS. Tissue GSH is an indicator of postischemic injury. GSH scavenges O2-protects protein thiol groups from oxidation. The depletion in GSH levels during I/R was probably due to its consumption during oxidative stress. Another important antioxidative enzyme, MPO, can also result an increase in I/R injury. MPO plays a fundamental role in oxidant production by neutrophils.
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Melatonin was discovered nearly 50 years ago. From that date to day, many researches have been done and are being done. Melatonin plays an important role in the whole body. It is a free radical scavenger that has the ability to neutralize the toxicity of the hydroxyl radical, the singlet oxygen, and the possibly the peroxyl radical and the superoxide anion. As an antioxidant, melatonin protects DNA, membrane lipids and cytosolic proteins from oxidative damage.
Beside its direct free radical scavenging actions, melatonin activates antioxidant enzymes.
Some of melatonin's antioxidant actions probably derive from its stimulatory effects on SOD, GSH-Px, GSH-Rd, and glucose-6-phosphate dehydrogenase and its inhibitory action on inducible nitric oxide synthase [18] . Melatonin reduces the I/R damage to the other organs such as the kidney [14] , testis [30] and liver [31] in rats. Similarly, melatonin protects against cardiotoxicity induced by chemotherapeutic drugs, which are often in cardiac tissue [32] .
In this review, we summarized the effects of antioxidant property of melatonin associated with MI/R injury. According to the knowledges mentioned above, it can be possible to say that oxidative stress occurs during MI/R and melatonin administration exerts an infarct size limiting effect, antiapoptic, antiarryhtmic effects and enhances antioxidant activity of the heart. More detailed clinical studies are needed to elucidate the exact mechanism(s) of melatonin.
